Abstract-Adverse effects of vulnerability in the financial sector have been seen, yet again, during the financial crisis of 2008 that turned into a domino effect on the international financial markets spreading across the developed world. The misfortune seen by the developed countries spread its wings into all corners of the world, but there seems to be a misunderstanding of the threat arising of such an event in the regulators of some developing countries. Pakistan is one such country. The regime at the time maintained that the country had been insulated from the adverse effects of the crisis on the financial sector. More emphasis was placed on the macroeconomic imbalances due to global rise in commodity and oil prices. The present study aims to show whether or not the financial crisis impacted the performance efficiency of the Pakistani banking sector and whether the effects were short lived or prolonged. This has been achieved using a unique variable selection methodology in data envelopment analysis using the Malmquist index approach which, to the author's best knowledge, has never been used for the purpose of a similar analysis. The results prove that the performance efficiency of the banking sector was indeed effected during the crisis years but were restored to pre-crisis levels soon after. This goes to show that even though the regulators were partially correct in terms of the timeframe effects of the crisis, yet there was a strong impact on the efficiencies that proves that financial sector was indeed impacted and also, if left unchecked, can have dire consequences if any such situation does arise in the future. The conclusion of the study suggests further work needs to be done on the channels of transmission of the crisis on Pakistan.
I. INTRODUCTION AND BACKGROUND OF STUDY
The financial sector plays a vital role in the smooth functioning of an economy. There have been various studies that talk about the impact of the financial industry on economic growth while others consider them to be of utmost importance saying that any inefficiencies in this sector can lead to a systemic crisis and have dire effects on the whole economy [1] . Therefore, the importance of bank performance has been a vital area of interest to various stakeholders including the customers, regulators, capital providers and depositors.
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Performance efficiency of banks has been a recent topic of interest in the finance literature [2] . Most of the previous research is based around the traditional financial ratios including ROA (Return of assets), ROE (Return of equity). Though using these has become a norm in performance measurement studies using data envelopment analysis (DEA), there is rarely a presentation or reference made to the reason for the selecting the said variables or empirical justification, even though use of the right combination of input and output variables lies at the core of the analysis. Interestingly, not many papers seem to have been concerned about this basic aspect in their analysis. Hiroshi Morita and Necmi K. Avkiran [3] in their 2009 study fill this gap by using diagonal layout experiments, which is a statistical approach, to find the optimal input output combinations for the purposes of performance efficiency analysis of financial firms using DEA. This study uses the results of their analysis as the variable selection methodology making it unique in literature. We use it to study the performance efficiency of the Pakistani banking sector during the recent global financial crisis. Before talking about the previous studies performed on the topic we first take a look at the evolution of the Pakistani banking sector over the past few decades.
The role of the banking sector in Pakistan has seen increased importance. Since the nationalization of the banking sector in 1974, when there was dominance of government owned banks even though there was minor presence of foreign banks in the sector. During the 1990"s, at the recommendation of the World Bank and IMF, the government of Pakistan undertook a massive reforms agenda for the entire financial sector. The agenda revolved around restructuring current financial institutions, improving supervision standards, increasing competition by licensing new private banks. This led to the government privatizing two of the largest commercial banks in the country, namely MCB (Muslim Commercial Bank) and ABL (Allied Bank of Pakistan).
The next phase of privatization came at the turn of the century when then regime decided that more needs to be done to better utilize the potential of the financial sector in the country. This phase involved privatizing of more major government owned banks including United Bank Limited and Habib Bank Limited which are amongst the top 5 banks in the country. Another major change that took place was the licensing of various new commercial banks as well as entry of foreign banks in the country. This included names like RBS (Royal Bank of Scotland) and SCB (Standard Chartered Bank).
Seeing as the Pakistani banking sector was flourishing in the few years preceding the financial crisis, any changes to that trend would be a clear indication of a shock to the system. When it started to affect the financial sector, the crisis showed the vulnerability of the global financial system to unexpected shocks and led to increased supervision and regulatory reforms, such as the introduction of the liquidity coverage ratio LCR and the Net Stable Funding Ratio NSFR. The crisis impacted many parts of the developing world which were not the originators of nor directly connected to the crisis originating countries.
There are many techniques of checking the performance efficiency or impact of the crisis on Pakistan, these spread from both parametric to non-parametric approaches. Many studies have used a non-parametric approach for the evaluation of banking sector inefficiencies. The most popular method for doing so is by the use of data envelopment analysis. Data envelopment analysis, also known as frontier analysis, was developed in 1978 by Cooper, Charnes and Rhodes. Data envelopment analysis (or DEA) is a technique used for performance measurement and evaluation of relative efficiencies of decision making units (or DMU"s). DMU"s are distinct units which within an organization or an economy which have the flexibility when it comes to making some decisions, but they are bound by certain constraints with regards to those decisions.
We are using the DEA approach using Malmquist index and a unique variable selection methodology first time being used in literature, as per the author"s knowledge, for checking the performance efficiency of the Pakistani banking sector. There have been previous studies on the effects of the financial crisis on both international and Pakistani markets. These studies have used several different statistical methodologies to arrive at their results. Discussed below are various studies that use both parametric and non-parametric approaches in their work. We discuss both studies to show some of the results obtained by previous researchers as well as to establish a theoretical framework of the topic and our study. To insert images in Word, position the cursor at the insertion point and either use Insert | Picture | From File or copy the image to the Windows clipboard and then Edit | Paste Special | Picture (with "Float over text" unchecked).
II. LITERATURE REVIEW
The global financial crisis of 2008 led to many problems in the worldwide banking system. Weak asset classes exposed the banks to liquidity shortages and ultimately had to be rescued. The impact of the crisis on the developing world has been studied. Studies have been conducted on the Pakistani economy and banking sector that talk about the macroeconomic impact of the crisis on Pakistani economy including the impact on government spending, GDP, trade, employment and poverty by [4] . Their results indicated that as a result of the crisis there was a decrease in government spending, decline in real GDP, increase in unemployment and increase in poverty levels. They used CGE-microsimulation model showing how a reduction in foreign remittances had negative impact on the GDP, inequality and poverty in the country.
Furthermore [5] , talk about the impact of exchange rates, oil prices and interest rate on the Pakistani economy in context of financial crisis of 2008. Their study employed a multivariate regression model, and ANOVA was used to test the significance of the equation. Their results indicated that exchange rates, oil prices and interest rate do have an impact on the financial crisis. Both these studies show that the Pakistani sector was indeed affected by the crisis, while these studies focused on the economic indicators we further look at the strand of literature focusing on the financial sector performance during the crisis. Ref. [6] , looked at the performance of the Pakistani financial sector during the crisis by looking at the determinants of financial performance using a stepwise multiple regression analysis post and pre crisis. Their results indicated that the financial crisis had significantly impacted the effects that various indicators had on measuring the financial performance. For example the investments had more role in positive financial performance post crisis then pre crisis while advances were more helpful in pre-crisis years then in post. Their results are intuitive as they prove that liquidity shortages affected the credit worthiness of the clients and an increase in the non-performing loans. As opposed to these the quality of investments made by the financial institutions became more important in the determination of performance.
Ref. [7] , did a comparison between the performance of Islamic and conventional commercial banks during the financial crisis in Pakistan. To do this they performed a comparative analysis on the major financial ratios of five Islamic and five commercial banks from 2008 to 2009. Their results indicated that the performance of the Islamic banks surpassed that of the conventional banks during the period. They attributed this to the fact that Islamic banks are prohibited from undertaking activities like investing in toxic assets and prohibition of Riba. So far it is clear that there was indeed effect of the crisis on Pakistan"s real economy as well as on the financial sector. We further look at the works related to non-parametric approaches to performance efficiency of the banking sector.
There are previous studies that have employed non-parametric techniques for performance efficiency calculation. [8] Worked on the South African banking sector. They used cost based DEA in combination with ratio analysis using profitability and market value ratios to determine their impact of performance efficiency. They concluded that market value ratios are impacted by any changes in profitability ratios and hence profitability ratios should be used as a proxy for market ratios rather than separate measures.
Ref. [9] studied the performance efficiency of the Pakistani banking sector using DEA methodology. Contrary to our study, their work focused on the various types of banks classified as state-owned banks, domestic private banks and foreign owned banks. Their time period is also separate from current study and looks at the performance from 2001-2008 and does not account for the impact of the financial crisis on the efficiency of the banks. They concluded that scale inefficiency is the main source of overall technical inefficiency.
Ref. [10] has also worked on the Pakistani banking sector using DEA. They employ the intermediation approach as they were using both Islamic and conventional banks in the analysis as Islamic banks have an equity based capital structure. They also use standard measures of input and output selection. Their results show that the performance of Islamic banks was better than the conventional banks during the period of the study which is from 2006 up until 2010. Ref. [11] worked on the performance efficiency of commercial banks in Nigeria using DEA using not only constant returns to scale (CRS) and variable returns to scale (VRS) approaches, but also scale efficiency models. They also use standardized input output combinations in their study that are not based on any statistical measures for optimal input output variable selection. Their results indicated that small and medium banks performed better than the bigger banks during the period of the study which is 2009. All the performance measurement studies about performance measurement above have used the standard approaches for the purposes of variable selection. We will now look at the studies that have used advanced statistical tools to arrive at the input-output combinations for DEA.
There are previous studies that look at input output combination for a financial firm using DEA analysis. [12] used a genetic algorithm to come up with the variables and then using the method purposed by [13] they arrived at the final set of input output combination by running DEA on the subgroup arrived at using the genetic algorithm. They estimated 35 models for DEA and then came up with the best model using the 10% change in efficiency scores of the banks.
Variables selected for use in the Data Envelopment Analysis for our study come from the work of [3] , who have used an input output selection method based on discriminant analysis using external evaluation and a three level orthogonal layout experiment, calculating the Mahalanobis distance and checking with ANOVA. Their six step selection method leads to the following variables as the optimum ones. Input: Debt Ratio; Output: Market Price, Total Assets, Gross Profit and Net profit. These are the variables that are being employed in this study to perform the analysis of DEA.
This study is unique as to the author"s best knowledge there is no previous study that uses the optimal input-output combination given by [3] to study the efficiency of the banking sector. This adds value to the results of this study as they are not based on intuitive selection but estimate efficiency based on variables selected using advanced statistical methods.
III. HYPOTHESIS FORMULATION
Based on the previous studies, few of which have been mentioned in the section above, it is seen that the economic situation of Pakistan worsened after the 2008 financial crisis, considering this, the first hypothesis of this study is that:
H1: The financial crisis impacted technical, technological and pure efficiencies of the banking sector in Pakistan
The reason for the above hypothesis is because these measures of performance are exposed to changes in the short term due to any shock in the system and as soon as the shock is absorbed they are expected to go back to normal.
Since Pakistan is not a crisis originating country and the impact is due to spillover from the international markets so it is expected that the scale efficiency component, which measure the efficiency due to size of the banking sector, will not be impacted leading to the second hypothesis:
H2: The financial crisis did not impact the scale efficiency of the Pakistani banking sector
In terms of the total factor productivity, which measures how intensely and efficiently the inputs are used in production, would be impacted during the crisis years, but would be short living and go back pre-crisis levels afterwards. So the third hypothesis of the study is:
H3: Total factor productivity of the Pakistani banking sector is affected due to the global financial crisis but the effects would be short lived
The hypothesis will be tested in the following sections using the data envelopment analysis approach to performance measurement, specifically using the Malmquist index approach.
IV. METHODOLOGY AND DATA
Data has been gathered from 2006 to 2010 for 20 banks in the Pakistani banking sector. These include banks from the public sector, private sector including commercial banks and Islamic banks. The variables that are collected are based on the paper by [3] . The optimal combination of input and output for any financial sector firm according to the study is:
Input:  Debt Ratio, which is defined the total liabilities divided by the total assets Output:  Total assets, the total assets that the bank has.  Ordinary profit, which is the income from the regular operations of the bank (from operating activities).  Net profit, the net profit made by the bank after adjusting for the expenses after the gross profit.  Market price of firm, defined as the total number of shares outstanding into the market price per share, the market price is taken as the average for each year being studied. Collection for the required data has been done from the State Bank of Pakistan issued reports and website of Karachi stock exchange of Pakistan. The data has been transferred from the reports and webpage onto Microsoft Excel spreadsheets where it has been treated to make it viable for data envelope analysis. The software used to perform the DEA analysis is Data Envelope Analysis (Computer) Program Version 2.1. For using the software the data was transferred from the spreadsheet into a txt file and then the analysis was done.
In most cases when DEA is performed it is done so for a specific time period. But when there is need to check International Journal of Trade, Economics and Finance, Vol. 7, No. 6, December 2016 efficiency across various time periods, the changes in total factor productivity needs to be checked for which panel data is required. The panel needs to be balanced in order for the analysis to be performed. Various indexes are used to measure the changes in total factor productivity; these are calculated as ratios of output indexes to input indexes. Indexes are defined as real numbers used to show the degree change in a set of related variables. They can be used to compare changes in variables thorough time, place or both.
Malmquist index measures the DMU"s (which are the decision making units i.e. firms under study or in this case banks) changes in total factor productivity by time. More specifically, the Malmquist index for total factor productivity (TFP) measures the change in TFP amongst two data points by finding out the ratio of the distances of each data point in relation to a common technology. This is measured using the distance function which is able to define the production technologies for multiple inputs and outputs regardless of cost minimization or profit maximization objectives [14] . The input function is able to define the production technology based on the most contracted input vector where the output vector is given. Similarly, output distance function defines the production technology as per the maximum expanded input vector where it is given [15] . The name of the index is based on the name of Sten Malmquist, who gave the idea of calculating indexes with the help of distance functions.
This research aims to check the performance efficiency of Pakistani banking sector by using input-output combination based on work of [3] who use discriminant analysis by external evaluation and three level orthogonal layout experiments calculating the Mahalanobis distances to arrive at the optimal variable selection. These variables are then used for calculating the generalized output-oriented Malmquist index, which is based on the works of [16] , using non-parametric approach of Data Envelopment Analysis (DEA) using software called DEAP 2.1 developed by [17] . [16] were the first to show how Malmquist productivity index, output based, amid two time period t and (t+1) may be segregated to 2 parts, given below:
In (1) above, M represents the most recent production point"s (x t+1 ,y t+1 ) productivity relative to the earlier production point (x 
or, M=EFFCH×TECHCH where,
and, 
First considers how adequately inputs are converted to output in the production process while the later represents technological improvements. As per [18] 
Here, z t k shows the weight on every precise cross-sectional observation. According to Afriat (1972), the CRS assumption could be removed allowing variable returns assumption (VRS) by incorporating constraints as follows:
Ref. [18] decomposed the Malmquist index"s efficiency change component considered relatively to constant returns to scale technology to pure efficiency component (in relation to variable returns to scale technology) also component about scale efficiency change capturing deviation amid CRS and VRS technology. Separating the pure efficiency change allows measuring the comparative ability of units to change inputs into outputs whereas scale efficiency measures the extent that units may yield benefit of returns to scale by changing magnitude near the optimum level.
Therefore, Technical Efficiency Change (EFFCH) = PECH × SECH where,
and,
In above subscript "c" and "v" denotes CRS and VRS technologies, respectively. PECH values above one indicate an increase in pure technical efficiency, while below one indicate a decline and equal to one indicates that there is no change. Similarly, SECH above one show that the most efficient scale is growing overtime; hence there is improvement in the scale efficiency, whereas SECH below one suggests the contrary while value of one suggests there
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has not been a change.
If index formulation of Malmquist is for adjacent time periods, calculation shall be made for various distance In the following section we will be looking at the results obtained using the above mentioned methodology and take a in depth look at the meaning of those findings in the discussion.
V. EMPIRICAL RESULTS AND DISCUSSION
The results for the analysis are given in Table I to 6 below along with detailed discussion of the findings. The descriptive table below shows that the mean size of the DMU"s stands at around Rs. 230 million with a wide gap between the minimum and maximum values of 4 million and 944 million, with a standard deviation of about 230 million. The ordinary profits have a mean of 3.9 million with a standard deviation of about 28 million. The net profit follows a similar pattern with mean value of 2.8 million and a standard deviation of about 6 million. The mean market value of the DMU stands at 35.7 million with a standard deviation of 51 million. The mean debt to asset ratio is 0.89 with a standard deviation of 0.08. Table II shows the technical efficiency scores for the years under study for all the DMU"s. The results show that the technical efficiency of the banks was impacted during 2009 with the mean scores falling to 0.882 for the year. The scores recover back in 2010 showing that the effects were short lived. This shows that the banks efficiency was impacted by the financial crisis as the ability of converting the inputs into outputs was effected during the time period. The year on year impact has been showing positive movement. This movement trend of the scores shows that the impact of the financial crisis was as a result of the international spillover and not due to any inherent linkages to the global financial sector as the impact would have been more long lived in that scenario, even though it"s a good sign as it shows that we remain insulated from any long term effects, but there is still exposure to spillover effects which requires mitigation. It is to be noted that the mean scores provided in all of the following tables are the geometric means. Table III presents the results of the technological change component for all banks during the study period. The technological efficiency is the efficiency of a firm to produce a given amount of output using a given amount of input. This means that if a firm is unable to convert efficiently its inputs to outputs using a given level of inputs then it is said to be technologically inefficient. In our scenario the results indicate that the mean scores were at the lowest during 2008 indicating that in the year of the crisis the banks were unable to fully utilize their potential of efficiently converting inputs to outputs which is attributed to the effect of global financial crisis. This further implies a reduction of the inputs available to the banks. This is evident from the credit shortages during the year, with liquidity drying up in the system and overnight lending rates rising to as high as 40 percent. In this part of the analysis it is again seen that the mean scores rise back up to pre-crisis levels after a year proving once more that the impact was due to international spillover and not internally generated. The shortage in liquidity can be attributed to the herding behavior by the liquidity providers who become less willing to take on risks during a crisis situation in the global markets. Therefore it can be concluded from these results that the impact in the scores is due to the financial crisis. Table IV shows the results for the pure technical efficiency change, which is the relative ability of the firm to convert inputs into outputs. The results indicate that there is decrease in 2008 and 2009 compared to 2007 showing that the conversion ability is impacted. The scores recover in 2010 showing that the impact was short lived, meaning it was not attributable to the internal systems dynamics but to external stimuli, which is the financial crisis. So far we have seen a consistent trend across the technological, technical and pure technical efficiencies. All of which point towards impact of a external stimuli on the banking system. This argument of external shock is further supported by the normalization of the results in the following year, and a consistent year on year results. Further we will be looking at the scale efficiency and total factor productivity which further support our hypothesis that global financial crisis did indeed impact the banking sector of Pakistan. Table V shows the results of the scale efficiency scores. The results indicate that the DMU"s have performed consistently with respect to their scale for the periods under consideration. Units are considered as scale efficient when there size of operations is optimal and modifications to the size may make the unit less efficient. This shows that the Pakistani banking sector is operating on optimal size during the analysis period and any impacts on performance efficiency is not as a result of size of operations of the banking sector. The results support the argument for external shocks even more as if the scale efficiency component was weak across various time periods then we could have attributed the poor results for the years above to scale inefficiencies of the banking sector. Since the results presented in table 5 prove that the scale efficiency of the banking sector is not the source of the poor results and has been relatively spared from the trends exhibited in the other measures of efficiency, hence it can be assumed that the impact on the efficiencies calculated prior is due to an external stimuli impacting the banking system, which is the global financial crisis. Table VI talks about the Total Factor Productivity (TFP) of the banking sector. Total factor productivity is the portion of output not explained by the quantity of inputs used in the production process. Hence, the level of total factor productivity is determined by how intensely and efficiently the inputs are utilized in production (Comin 2006). The results indicate almost all the DMU"s underperformed during 2008 as their TFP scores are below 1, with the exception of Meezan bank which is the outlier with an efficiency score above 1. This finding is in line with previous works indicating that Islamic banks performed superior during the financial crisis then the conventional banks due to their asset composition, investment portfolios and prohibition of RIBA based activities. The results are a clear indication that the Pakistani banking sector was indeed impacted by the 2008 global financial crisis that impacted the global financial markets. This is an important finding and has implications for policy makers as it shows the vulnerability of our local sector to shocks in the global economy and requires measures to be taken to insulate against any such shocks in the future.
All the results indicate that the banking sector is efficient in terms of the utilization of the size of operations, but the crisis caused major problems to the technical and technological efficiency and total factor productivity, but as the results improve back by 2010 this indicates that the shock was not intrinsic and was only temporary, which is attributable to the financial crisis. The results prove the first hypothesis as the technical, technical and pure efficiency values were impacted as a result of the financial crisis. The second hypothesis that predicted that the scale efficiency would not be impacted as the crisis is due to international spillover and not originated in Pakistan is also proven to be correct. The third hypothesis stated that the total factor productivity would be impacted but would return to pre-crisis level soon after the initial impact of the crisis. This is also proven by the results as the values of total factor productivity reduced substantially during the crisis originating time period but turned back to pre-crisis levels soon after, once again proving that the impact on the Pakistani banking sector was temporary and not intrinsically caused, but was due to international spillover caused by the global financial crisis.
VI. CONCLUSION
Financial markets can no longer operate in isolation; the fact is that the events in the global markets find their way to the domestic markets in one way of the other. The study proves it through the use of non-parametric measures using DEA analysis using Malmquist index. One of the major issues while conducting non-parametric studies using DEA is that of variable selection. This study is the first of its kind, to the authors knowledge, that uses variables found using advanced statistical techniques and use them in the analysis, adding value to the results of this study over those that employ variables otherwise selected. The results indicate that the Pakistani banking sector was indeed affected by the global financial crisis as the total factor productivity of the banking sector was significantly impacted, while the scale efficiency was not impacted showing, that the effects of the crisis on Pakistan were spill over and not due to any strong financial linkages as then the impact would have been visible for a longer period of time hence both the hypothesis of the study were proven to be true. Also it is seen that the adverse effects of the spill over were least felt by the Islamic banks in the country which is in line with previous empirical research on the performance measure of the Islamic banking sector during the crisis. Further work needs to be done to identify the channel of transmission of the shock to be able to better handle any such event in the future.
